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A planarity is a characteristic of the structure of organic compounds consisting of the 
sp2 hybrid carbons. The planarity is mostly discussed in relation to conjugation or 
aromaticity of the compounds. On the other hand, benzene or ethylene analogues 
composed of heavier group 14 elements have the tendency to take a non-planar structure. 
In this study, we performed a systematic investigation for the difference and proposed 
Repulsion Dominant model and π-electron holding ability as new and comprehensive 
theory to explain the planarity of the group 14 unsaturated compounds. Furthermore, 
for the synthesis of hexasilabenzene and 1,3,5-trisilabenzene which are experimentally 
unknown, various promising molecular designs were proposed.  
In chapter 2, we discussed the molecular design of hexasilabenzene analogues 
aiming for the thermodynamic and kinetic stabilization. As a result of a comprehensive 
survey for the substituents, it was found that the substituents consisting of hydrogen-
bonding and stacking interaction between the substituents are effective to make 
hexasilabenzene exclusively stable compared to the other isomers. Meanwhile, since the 
silicon containing multiple-bonded compounds are highly reactive, it is necessary to 
protect them kinetically with bulky substituent. However, the thermodynamic stability 
of hexasilabenzene relative to the isomers significantly decreases as the substituent 
becomes bulkier. Fortunately, however, aiming for solving the dilemma, some 
crosslinking substituents were found to be remarkably effective to achieve both 
thermodynamic and kinetic stabilization of hexasilabenzene analogues.  
In chapter 3, energy component analysis was performed in order to clarify a factor 
dominating the planarity of benzene analogues. As a result, it was shown that the 
energy components mainly controlling the planarity of benzene and hexasilabenzene 
are different from each other. For hexasilabenzene, electron repulsion energy was found 
to be significantly important for the planarity. Furthermore, the discussion based on our 
new model ― the Repulsion Dominant (RD) model ― was succeeded to reconsider the 
explanation of Carter-Goddard-Malrieu-Trinquier (CGMT) model for the planarity of 
heavier group 14 analogues of ethylene from another point of view. Finally, it was 
revealed that planarization of hexasilabenzene is possible by introducing a substituent 
with a strong π-accepting ability such as boryl group (-BH2) which significantly reduces 
the π-electron repulsion within the 6-membered ring. 
In chapter 4, we have investigated a correlation between the intramolecular π-
electron transfers (polarization effect) and planarity in various linear unsaturated 
compounds in order to deepen the concept of the RD model. Herein, it was revealed that 
the amount of the π-electrons in the planar molecular structure - π-electron holding 
ability - is different depending on each skeletal element. For example, carbon can hold 
more than one π-electron, whereas silicon and germanium cannot tolerate even one π-
electron to keep the planar structure. Based on the π-electron holding ability, π-
accepting substituents were found to make the molecular structure of heavy ethylenes 
and linear polyenes planar by reducing the amount of π-electrons on the skeletal atoms. 
In chapter 5, we have focused on the Si/C-mixed benzenes and their major valence 
isomers. The change of the structure and relative stability of benzene and the major 
valence isomers; fulvene, Dewar-benzene, benzvalene and prismane, on the substitution 
of the skeletal carbons with silicon atoms in the stepwise manner, has systematically 
been investigated. The number and arrangement of the formal double bonds were found 
to be considerably important factors controlling the structure and relative stability of a 
series of the compounds for fulvene, Dewar-benzene and benzvalene analogues. On the 
other hand, the angle strain is the key for the properties of prismane analogues as 
expected. Also, in order to provide some useful information for the synthesis and 
isolation of 1,3,5-trisilabenzene which is an intermediate compound between benzene 
and hexasilabenzene, the thermodynamic and kinetic stabilities were investigated. As 
a result, the Si/C-alternately mixed benzene was found to be highly reactive for addition 
reactions, especially for the dimerization. As a cure for that, some promising cross-
linking substituents considerably effective to prevent the isomerization and 
dimerization were proposed. 
In chapter 6, we have developed a fragment analysis to compare sp3 with sp2 
environment for carbon and the heavier group 14 elements. Diamond and graphene 
congeners were chosen as the model compounds, each of which has the ideal sp3 and sp2 
environment, respectively. In this analysis, the model compounds are considered to be 
the aggregate of a variety of fragment unit such as C, CH, CH2, and CH3. Then, each 
fragment energy was obtained from the number of fragment and the total electronic 
energy of model compounds by solving linear simultaneous equations. This made it 
possible to compare the relative stabilities of the sp3 and sp2 hybrid environment for 
various fragments involving group 14 elements systematically. Furthermore, the mixing 
tendency of carbon and heavier group 14 elements was revealed in the same way.   
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sp3環境と sp2環境の比較を行った。理想的な sp3環境と sp2環境をとる解析対象として、
ダイヤモンド型及びグラフェン型化合物をモデル結晶分子として用い、各結晶分子をフラ
グメント単位の繰り返し構造として捉えると、結晶分子の全エネルギーとフラグメント数
から連立一次方程式を解くことにより、各フラグメントエネルギーが得られることを示し
た。この解析により、異なる 14族元素により構成された種々のフラグメントに対して、sp3
環境と sp2 環境の相対安定性を統一的に比較することが可能となった。さらに、炭素と高
周期 14族元素の混合特性を同様の手法により明らかにした。 
 
